The dierential cross-section for the elastic scattering of the lightest supersymmetric particle (LSP) with nuclear targets is calculated in the context of currently fashionable supersymmetric theories (SUSY). An eective four fermion interaction is constructed by considering i) Z 0 exchange ii)s-quark exchange and iii) Higgs exchange. It is expressed in terms of the form factors f 0 V ; f 0 A ; f 0 S (isoscalar) and f 1 V ; f 1 A and f 1 S (isovector) which contain all the information of the underlining theory. Numerical values were obtained using representative input parameters in the constrained parameter space of SUSY phenomenology. Both the coherent and for odd-A nuclei the incoherent (spin) nuclear matrix elements were evaluated for nuclei of experimental interest. The spin matrix elements tend to dominate for odd nuclei but the coherent matrix elements become more important in all other cases. For the coherent part the Higgs contribution competes with the Zand s-quark contributions. Cross-sections as high as 10 37 cm 2 have been obtained. Latex
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Introduction.
In recent y ears the phenomenological implications of supersymmetry (SUSY) are being taken seriously [1] [2] [3] . Pretty accurate predictions at low energies are now feasible in terms of few input parameters in the context of unied minimal SUSY without commitment to specic gauge groups [4] [5] [6] [7] [8] . More or less such predictions do not seem to depend on arbitrary choices of some parameter or untested assumptions [1] [2] [3] . One may not have t o w ait, however, till supersymmetry is discovered in high energy colliders. Instead one may l o o k n o w at phenomena which supersymmetry might aect, e.g. proton decay, lepton avor violation [10] ( e etc) and dark matter. In the present paper we will concentrate on the implications of supersymmetry on dark matter [11] [12] [13] [14] [15] [16] .
There is ample evidence [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] that more than 90% of the mass of our galaxy, o r e v en of the whole universe, is made up of matter of unknown nature. If one goes beyond the standard model of weak and electromagnetic interactions one has a numberof choices for the dark matter candidates. The most obvious choice is, of course, particles which exist, like neutrinos if they have a mass of 10eV . Such light particles are expected to be relativistic and constitute the Hot Dark Matter Component (HDM). Another possibility are the axions, which w ere introduced to account for the strong CP problem. Even though they have not been found in any of the experimental searches, this does not mean that they should be ruled out entirely. The third and most appealing possibility, linked closely with supersymmetry, is the lightest supersymmetric particle (LSP) which is expected to be neutral (see section 2). This particle, which will be denoted by 1 , is expected to be massive [1] [2] [3] (10-100GeV) moving with non relativistic velocities (kinetic energy 10-100 KeV). In the absence of R-parity violating interactions such a particle is absolutely stable. It constitutes the Cold Dark Matter (CDM) component. The CDM component is needed for the large scale structure formation in the universe. As a matter of fact the ratio of CDM to HDM [23] 
where H is the Hubble constant, G N is Newton's gravitational constant and h 0 lies between 0.5 and 1.
The detection of LSP can in principle be achieved by devices which are able to detect particles which are interacting very weakly [24] [25] . This can be achieved by detecting the recoiling nucleus in the reaction 1 + ( A; Z) 1 + ( A; Z) ( 
3)
The recoiling energy can be converted into phonon energy and detected as temperature rise. This requires a crystal at low temperatures with suciently high Debye temperature. The detector should be small enough to permit anticoincidence shielding to reduce background and large enough to allow a sucient n umber of counts. A compromise of about 1kg is achieved. Another possibility is to use superconducting granules suspended in a magnetic eld. The produced heat will destroy the superconductor and the resulting magnetic ux will trigger a signal in the pick -up coil. Again a mass of about 1 kg is optimum.
The background of such detectors is composed of cosmic rays and natural radioactivity. It can be tackled by utilising the so-called modulation eect, caused by the change in the relative v elocity of LSP and the detector due to the diurnal [26] and annual [27] motion of the Earth.
The indirect detection is another possibility. The LPS's trapped in the gravitational eld of the sun will pair anihilate producing high energy particles. Of particular interest are high energy neutrinos originating from the sun, which can be detected by the neutrino telescopes.
In the present paper we will calculate the cross section for the scattering of the LSP by a n ucleus. We will utilize the recent developments in supersymmetric theories which h a v e yielded a substantially constrained parameter space. In the rst step, along the lines of ref [11] [12] [13] [14] [15] [16] , we will construct from the elementary couplings the eective four fermion interaction which couples the LSP to the quarks. The next step consists in writing the relevant four fermion interaction at the quark level. The nal step consists in transforming this interaction at the nucleon level. In the present w ork we will consider Z, s-quark and Higgs exchange. For the rst two exchanges the basic interaction can be read o from the appendix of ref. [5] . The transformation to the nucleon level is straightforward [28] . One can thus construct the 4 needed form factors, i.e. the vector and axial vector isoscalar (f 0 V ; f 0 A ) and isovector (f 1 V ; f 1 A ) form factors. Since, however, the Higgs exchange contribution is important due to the coherent eect of all nucleons we will also provide the model dependent scalar form factors f 0 S (isoscalar) and f 1 S (isovector). The diagrams which i n v olve Higgs exchange are a bit more model dependent [5] . Also in this case the transition to the nucleon level is not so straightforward [29] . We will see that the spin dependent n uclear matrix elements arising from the Axial currents are important especially for light n uclei. We will estimate them in this work and provide more accurate calculations in a future publication.
Eective Lagrangian.
Before proceeding with the construction of the eective Lagrangian we will briey discuss the nature of the lightest supersymmetric particle (LSP) focusing on those ingredients which are of interest to dark matter.
The nature o f L S P
In currently favorable supergravity models the LSP is a linear combination [1] [2] [3] 5] 
Another possibility to express the above results in photino-zino basis;Z viaW 3 = sin W cos WZ B 0 = cos W + sin WZ (6) In the absence of supersymmetry breaking (M 1 = M 2 = M and = 0 ) the photino is one of the eigenstates with mass M. One of the remaining eigenstates has a zero eigenvalue and is a linear combination ofH 1 andH 2 with mixing angle sin. In the presence of SUSY breaking terms theB;W 3 basis is superior since the lowest eigenstate 1 or LSM is primarilyB. F rom our point of view the most important parameters are the mass m 1 of LSP and the mixings C j1 ; j= 1 ; 2 ; 3 ; 4 which yield the 1 content of the initial basis states. These parameters are given in table II.
We are now in a position to nd the interaction of 1 with matter. We distinguish three possibilities involving Z-exchange, s-quark exchange and Higgs exchange.
The Z-exchange contribution
This can arize from the interaction of Higgsinos with Z which can be read from eq.C86 of ref. [5] . (10) at the nucleon level it can be written as
Thus we can write
where Note that the suppression of this Z-exchange interaction compared to the ordinary neutral current i n teractions arises from the smallness of the mixings C 31 and C 41 , a consequence of the fact that the Higgsinos are normally quite a bit heavier than the gauginos. Furthermore, the two Higgsinos tend to cancel each other.
The s-quark mediated interaction
The other interesting possibility arises from the other two components of 1 , namelyB andW 3 . Their corresponding couplings to s-quarks can be read from the appendix C4 of ref. [5] . They are
q R QB LqR g + HC (19) whereq are the scalar quarks (SUSY partners of quarks). A summation over all quark avors is understood. Of interest to us are, of course, the avors u and d. The above i n teraction is to high accuracy diagonal in quark avor. Using eq. (15) (20) where Q is the charge and T 3 the third component of the isospin operator. The eective four fermion interaction (g. 1b) takes the form
The factor of two arises from the Majorana nature of 1 . Employing a Fierz transformation [30] , it can be cast in a more convenient form (25) The above parameters are functions of the four-momentum transfer which in our case is negligible. Proceeding as above w e can obtain the eective Lagrangian at the nucleon level as
We should note that this interaction is more suppressed than the ordinary weak interaction by the fact that the masses of the s-quarks are usually larger than that of the gauge boson Z 0 . In the limit in which the LSP is a pure bino (C 11 = 1 ; C 21 
The intermediate Higgs contribution
The process (3) 
We can now proceed further and express the elds H 
Even though one can now include radiative corrections [31] in our work we found it adequate to use the above expressions and take m 0 and tan from ref. [1] . The results are presented for the reader's convenience in By noting that the LSP is an extremely non relativistic particle ( 10 where the +( ) sign is associated for protons or neutron holes (neutrons or proton holes).
The nuclear matrix element < J i jjjjJ i > vanishes for J i = 0 + . F or J i 6 = 0 + it depends on the details of the structure of the nucleus. For 207 P b , h o w ever, it can easily be evaluated, since it is a single particle conguration (one 2p 1=2 neutron hole outside the closed shell). For a single particle conguration we get (56) For the other odd nuclei which are relevant as targets in searching for dark matter the situation is not so simple. Detailed calculations are under way. For the time being we will present estimates for the three light n uclei ( 3 2 He, 19 9 F and 23 11 Na). We will assume [32] that the space wave function has symmetry characterized by a Y oung Tableaux [f] which is as symmetric as possible. This is due to the fact that the two n ucleon interaction is attractive and short -ranged. It thus favors nucleon pairs in which the nucleons are as close as possible. The spin-isospin wave function is characterized by symmetry [f] ( [ f ] is obtained from [f] b y i n terchanging rows and columns [32] ). This guarantees that the total wave function is antisymmetric. The orbital angular monentum is assumed to be the lowest allowed. 
At this point w e should mention that for the extra non-relativistic process (3) traditional nuclear physics techniques should be more reliable than attempts to extract jJj 2 [15] from the EMC data [34] .
4. Cross-Sections.
With the above ingredients the dierential cross section can be easily calculated. For the benet of the experimentalists we prefer to present our results in the laboratory frame. The scattering is in the forward direction We notice that all exchanges (Z, s -quark and Higgs) allow for a coherent contribution of all nucleons yielding a matrix element proportional to the nuclear mass A. The Z and s-quark contribution is suppressed by a factor 2 for a non-relativistic LSP which, as we h a v e already mentioned, is due to the majorana nature of LSP [11, 12] 2. The isovector contribution is small in all cases and additive to the isoscalar contribution. The isovector contribution of the Z-exchange is partly cancelled by that of the s-quark contribution.
3. For odd nuclear targets (J i 6 = 0) the spin contribution becomes important. This contribution, which arises from the Z and s-quark exchanges, is not suppressed by the majorana nature of the LSP. It will dominate unless the matrix element of the axial current is accidentally suppressed. Since this does not scale with A 2 , it is somewhat less important in the case of heavy nuclear targets.
4. The coherent Z and s-quark contribution has an extra angular dependence, which, given a sucient n umber of events, could be used for its experimental discrimination.
Discussion of the results.
Using the formulas given above and the data of tables I-IV we can compute the total cross -sections for the LSP scattering with nuclei which can be used as targets. We see that the cross -section for 0 + 0 + transitions, as well as and the coherent part of the cross -section for odd-mass nuclei, tend to inrcrease with square of the mass number A. The spin matrix element does not show such an increase and depends on the details of the nuclear structure. It has been reliably calculated only in the case of 207 P bwhich i s a single nucleon hole outside the closed shell. Our numerical results are shown in tables Va (for Z and s-quark exchange) and Vb (for Higgs exchange). From these tables, we v erify that for the coherent part the Higgs contribution, even though the quarks are very light, becomes dominant for solutions 1 and 2). Unfortunately this cross section is extremely small. This makes the detection of LSP extremely dicult. Indeed the event rate is given by [16] dN Finally we should remark that, even though, as we h a v e mentioned earlier, the predictions of SUSY have become quite constrained and reliable in recent years, the calculated cross -section for process (3) has some uncertainties in it. It depends on the inverse fourth power of the s-quarks and Higgs particles. It also depends on the small mixings C 41 and C 31 (eqs. (14)- (17) for Z-exchange and eq. (43) for Higgs exchange). In spite of this, within the allowed parameter space with rather wide variations, e.g. tan ranging from 1.5 to 10, the variation in the calculated cross section is not very large. The nuclear matrix elements for the coherent process, which is all there is for 0 + targets, is very accurate. The evaluation of the spin matrix element for odd targets is less accurate but it can be reliably estimated, at least for 207 P b . S o our estimate for the cross section should be viewed as quite reliable. Thus, barring completely unforseen circumstances, the event rate is expected to be small. (3) j and (4) j in the decomposition of the neutral Higgs particles H 0 1 and H 0 2 i.e. H 0 1 = P j (3) j ' j and H 0 2 = P j (4) j ' j (j = 1,2 correspond to the real parts and j = 3 to the imaginary part). 
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